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Abstract 
Land reclamation on water bodies has been a common practice in Japan in the last century due to modernization, the growth 
of population, the geographical characteristics of the Japanese archipelago and the scarcity of available land (85% of the 
country is composed by woods and mountains). 
Also, land reclamation has had repercussions in the physical environment as well as in the social and cultural life of the 
population living in the places where these developments were carried out, particularly regarding the way in which people 
perceived the landscape. 
This paper will examine two cases in the Lake Biwa, corresponding to both urban and rural areas in order to show two 
different ways in which land reclamation was developed in Lake Biwa. 
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1. Introduction: Lake Biwa 
Lake Biwa is one of the most important areas in Japan, not only from a historical viewpoint, but also from an 
environmental perspective. Lake Biwa is the largest freshwater lake on the Japanese archipelago and, situated in 
Shiga Prefecture, Central Japan, it lies on the borderline between broad-leaved and ever-green broad-leaved 
forests. Within this rich natural environment, the area itself forms a basin, of which the plains are seasonally 
flooded by lake waters and thus structuring a vivid area of dynamic landscape. The varied terrain combined with 
traditional rice paddy agriculture utilizing the seasonal flooding and fish spooning movement along the creeks, 
has contributed to the rich biodiversity of the area. 
In fact, Lake Biwa is one of the oldest lakes in the world, dating back about 4 million years. This long history 
allowed for the development of a rich ecosystem containing more than 1000 different plant and animal species 
inside the lake itself (Mori, Miura 1990). Lake Biwa was registered with the Ramsar Convention on Wetlands in 
1993 as a wetland of international importance.1
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It has been a place for human settlement as early as Neolithic times; subsequently it acquired a strategical 
importance in history for controlling land and trade routes since the ancient dynasty (7-12 C) up to the medieval 
pre-modern warlords period (13-mid 19C). 
During the Edo Period (1603-1868)  life in Japan was openly influenced by the Chinese tradition. The fluent 
Sino-Japanese cultural relation was expressed in the blend of  native Japanese  traditions and imported customs 
and beliefs. Kati Lindström (2008)2 argues that this cultural influence was politically used by the Tokugawa 
power (shogun or generalissimo) to ensure stability after a century of devastating wars, and to promote a 
hierarchical class structure of the society, favored by the teachings of Neo-Confucianism. 
From the Meiji Period (1868-1912) the process of modernization motivated several changes on the way how 
people perceived and was related to the lakescape. On the one hand, the extreme nationalism that characterized 
Meiji Period motivated a break point in the Sino-Japanese cultural relations, favoring the practices of native 
religion, traditions and culture. As a result, several Buddhist practices were diminished or abandoned. On the 
other hand, the symbolic relationship with the lake became more practical. The construction of the railroad and 
subsequently of the motorways minimized the importance of the lake as means of transportation.  
The process land reclamation up to today has produced changes in the physical and mental landscape around 
the lake. The land reclamation process started during modernisation period (1868-1920), continued during the 
Second World War to provide aliment to a population with scarce food resources, and expanded after the war due 
to economic reasons and urban planning policies. 
2. Objective and methods 
Our research is part of the Neolithisation and Modernisation: Landscape History of East Asian Inland Seas, 
NEOMAP project3, held at the Research Institute for Humanity and Nature RIHN†, at Kyoto, Japan. Within the 
scope of this project, our research aims to understand the historical evolution of waterfront towns and to identify 
the effects in the perception and social behavior of the population, in relation to water bodies. 
Mello and Hollanda4 have identified two basic trends of relations between cities and rivers or lakes: 
1) the water body is valorized, considered as an element of urban design, and incorporated to the urban 
landscape; 
2) the water body is disregarded, neighboring buildings give their back to it; the shore become degraded spaces, 
garbage disposal areas or are invaded in different ways. 
In order to understand the physical and social effects of the land reclamation process we have carried out two 
types of study: 
1. Analysis of the structure and use of the urban space. For this purpose we have used Space Syntax5 to 
conduct isovist and axial analysis of the city of Otsu between 1900 and today. A single isovist is the volume 
of space visible from a given point in space, together with a specification of the location of that point. The 
isovist analysis explores the visibility of an urban area. The axial map shows the level of integration, 
measuring how many turns one has to make from a street segment to reach all other street segments in the 
network, using shortest paths. The street segments that require the least amount of turns to reach all other 
streets are called 'most integrate' and are represented with hotter colors, such as red or yellow. In the case of 
our study, integration has been analyzed in local scale, instead of the scale of the whole network, assigning 
only four turns are counted departing from each street segment.  
2. Interviews with locals, which we carried out in Iba, which urban structure has not changed much in time, in 
comparison with its surroundings. 
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3. Otsu City, the urban case 
3.1. Historical background 
3.1.1 Otsu in the Medieval Period (5th -17th C) 
 Otsu is the biggest city on Lake Biwa, located in its southern part. According to “Nihonshoki”, an old 
historical book written in 720, already in the 4th century three emperors located imperial palaces near Otsu. The 
Emperor Tenchi (626-671) moved the nation capital to Otsu in 667 from Asuka, Nara Prefecture, and established 
the foundation of a centralized system. Subsequently, it became a port for Kyoto -the new capital from 794 to 
1868- and this proximity was an important factor that thrived Otsu’s economy. In the Medieval Period, Otsu 
became more prosperous due to its role as an important hub, providing supplies to inland by both land and sea. 
3.1.2 Otsu in the Edo Period (17-19C)  
 Otsu gained importance as a hub due to its connections to Kyoto, Osaka, and other eastern and northern 
districts. Otsu Castle was constructed under the Hideyoshi Toyotomi Administration. Also, the Zeze Castle was 
built in 1601 upon the order of Ieyasu Tokugawa. He dismantled the Otsu Castle and built a new castle in Zeze 
to guard the Tokaido Road. Subsequently, a town flourished around the fortification. Otsu was later designated 
as a post station of the Tokaido Line in 1602, and a magistrate’s office was located here for direct control under 
the Ieyasu Tokugawa Administration. Since then, Otsu flourished as a post station as well as a port town.  
 During the Edo Period (1603 to 1868) the central area of Otsu town was composed of three main 
neighborhoods: Hama-machi, Naka-machi, Kyou-machi. (Fig 1). In these areas, main facilities were to support 
the financial affairs, such as store and merchant houses. In the lakeside of Otsu in the Edo period, houses were 
originally located in the lake front, and there were several coves to unload goods from ships (Fig 2, 3, 4). 
Fig.1 Otsu-cho Kozu in 1702 
Fig.2. Drawing of Otsu as a posting station in Tokaido.   
Fig.3. Nagaratana-Miidera-Shokei-narabini-Oumihakkei Ryakuzu in the end of 19C to 1920s 
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 Fig.4. Detail of Oumihakkeizu, drawn around 1800 drawn by Hiroshige Ando.  
3.1.3. Otsu before the end of Taisho Period -before 1920s- 
After the Meiji Restoration the Japanese capital was moved from Kyoto to Tokyo in 1868. While Otsu 
continued to be the port of Kyoto and had a regional importance, it ceased to have a role as the country’s capital 
port (a role that was acquired by Yokohama in respect to Tokyo), and therefore the pace of its development 
slowed down significantly until 1920s. 
 During the Meiji Period (1868-1912) there were no significant changes in the urban structure of Otsu town, 
however railway constructions started to change the landscape of Otsu’s lakefront since 1880. Before that, the 
lake shore of Otsu was noticeably uneven. However, spaces were filled to enhance the harbor and to allow the 
railroad to get as close as possible to the area of unloading and disembarkation, reclaiming the lakeshore from 
Ishiba wharf to Otsu boarding point. According to old drawings, it is possible to see some houses standing in a 
row along the shore, while there were no large open spaces between the houses and the lake, such as plazas or 
parks, with the exception of the harbor (Fig. 6). Until the 1940s, only a little part of lakeside had been reclaimed 
for the dock and for the construction of a town hall. 
On the other hand, modern essential facilities such as prefectural and governmental offices, schools, banks, 
law courts and police stations were constructed, causing changes in the townscape, especially in the center of 
town and around the train stations.  
In the Zeze area, urban renovations were carried out in the area of the former castle, which was destroyed in 
1870 during the Meiji Restoration. The land next to the castle had an area of about 6 ha, and it was originally 
used for residences of former chief retainers, but later used as a prison since 1885 to 1966. 
Fig. 5. (a) Kawaguchi-bori Moat in 1887; (b) Japanese Restaurant along the lake in the Meiji Period. 
ty on October 1, 1898; but it did not received the benefits of city planning 
po
3.1.4 Otsu City in the modern era 
 Otsu acquired the status of ci
licies during its first three decades. Subsequently, Otsu’s urban planning was regulated under the City 
Planning Law in 1927, and the first Shiga Regional Committee of City Planning was held in 1928, which 
determined the planning area, from Sakamoto in the north to Ishiyama and Seta in the south. As a consequence, 
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the authorities envisioned the development of the “Great Otsu City”, by merging towns and villages, 
constructing roads, parks, hotels and other tourist facilities and envisioned Otsu as a “Sightseeing City”. 
 The city experienced rapid development, but the amount of available lands for expansion was scarce, since 
the
ted with a land 
rec
Planning Law designated 
sc
 city was limited by the lake on one side and forested mountains on the other. Consequently, the Third Shiga 
Regional Committee of City Planning was held in 1932, emphasizing the necessity of projects of land 
reclamation. A Road Network Plan was put to debate and finally approved by the Secretary of State for Internal 
Affairs. Nevertheless, the global financial crisis of the earlier 1930s caused panic and the project was postponed 
due to its enormous cost. However in 1933, Otsu city along with other neighboring cities towns and villages 
were able to execute the city plan and the construction of tourist facilities were arranged (Fig 7). 
 The Road Network Plan for Zeze was adopted by the Municipal Council in 1936 and comple
lamation project over the lake in 1940, adding 5.74 ha of new land (Fig 9). Additionally the Road Network 
Plan in Otsu was completed in 1942, reclaiming new 7.03 ha of land, 4.3 ha of which were sold for residential 
area. Land reclamation projects were temporarily suspended due to the World War II. 
 Noticeably before 1937 there were not public parks in Otsu. Therefore, the City 
enic areas –fuchi-chiku- around the city. These scenic areas were defined to open the beauty of landscape to 
the public. Communal spaces such as Oumi Jingu, Nagara, Zeze, Chausuyama, Ishiyama, were designated under 
the City Planning Law in 1943. 
Fig.6. Teisei-Otsu-Shigai-Shin-Chizu in 1903 (Rotated 180 degrees by authors) 
ogle Earth. (Red: Roads Constructed in the 20th century,Fig.7. Aerial Photograph of Today’s Otsu City, edited over a photography by Go
Yellow: Historical Roads left today) 
Fig. 9. Aerial Photograph of Today’s Zeze Town, edited over a photography by Google Earth. Red: Newly Constructed Roads in the 
20th century, Yellow: Historical Roads left today. Blue: Old Moat of Zeze Castle filling) 
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3.1.5 Land Reclamation after World War II  
 From 1949 to 1951, 0.98ha were reclaimed for road construction, adding other 5.06ha from 1951-57 and 
6.76ha from 1958-64. From 1958, a large-scale land reclamation project was conducted, and 13.52 ha of land 
were filled for public facilities such as cultural and research centers (Fig. 10). The largest reclamation was 
carried out in 1966-68, adding 41.85ha of new land from the lake. This area was divided into equal halves for 
public facilities and private developments, such as hotels and shopping malls. Also, 6 kilometers length lakeside 
road was constructed till 1967. However, from the 1970s the land reclamation process was revised, due to the 
decline of the quality of water and the rise of environmental concern. Finally in 1973, new land reclamation 
projects in Lake Biwa were forbidden, except for the construction of public facilities. 
 On the other hand, the lake was subject to new planning policies under the “Act on Special Measures 
concerning Lake Biwa”, established in 1972. A new lakeside road and public parks, including a lakeside park 
began to be constructed and it considered the impact of the waterfront in their plan. 
Fig. 10. (a) Boulevard in the lakefront; (b) Waterfront of Otsu along the raiway around 1950s -before the Land Reclamation- 
3.2. Integration analysis 
A global integration value can be measured to represent general syntactic accessibility considering all lines in 
the axial map (Peponis & Wineman, 20027). The local integration value (so-called radius 3) can be measured to 
represent the relative integration of a space to all spaces three steps away from that space. The axial line with the 
highest degree of global integration would be the one that could be accessed with the least number of turns from 
all other axial lines. Similarly, an axial line with the highest local integration value is a line that is accessible 
with the least number of connections from all other lines in its surroundings. 
3.2.1  Local Integration  
The local integration map of 1890 (Fig. 11.a) shows that Otsu and Zeze were isolated towns, each of them 
showing a major integration around its respective main street. Also, the waterfront areas (where the railroad was 
built) were not integrated to the city. The higher integration values correspond to the center of each settlement. 
While the original urban network was in the most part inherited to today’s city, the local integration map of 2010 
(Fig. 11.b) shows the importance of the lakeside road (built on reclaimed land) in connecting Otsu and Zeze and 
bringing integration to the waterfront. It is also noticeable the importance of Otsu station, and that Tokaido road 
is still playing and important part in connecting the city. Also, the roads in the waterfront areas as well as the 
roads leading to these areas got higher integration values. 
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Fig.11 (a) Local Integration map in 1890 (b) Local Integration map in 2010 
Fig.12 (a) Global Integration map in 1890 (b) Global Integration map in 2010 
3.2.2. Global Integration  
Comparing the two global integration maps of 1890 and 2010 (Fig. 12 a,b) it is clear that the construction of 
the national highway had a major role in integrating the towns to the regional network.In 1900 the city was 
composed of two main settlements, the old Otsu around the port and the one near the mouth of the Seta river. 
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The integration analysis shows that at that time both areas were not integrated. 
Also, the waterfront areas (where the railroad was built) were not integrated to the city, the higher integration 
values were identified towards the center of the settlements. 
3.3. Visibility analysis 
The isovist analysis explores the visibility of an urban area, and as a consequence its attributes to congregate 
people. A single isovist is the volume of space visible from a given point in space, together with a specification 
of the location of that point. 
The Visibility Graph Analysis VGA shows the lack of spaces of social integration, such as squares or parks at 
that time, with the only exception of a small boulevard around a water canal. In contrast, the visibility analysis 
presents a clear perception of the waterfront areas, particularly in the Zeze area. 
Fig. 13.  Visibility map in 1892. Fig. 14.  Visibility map in 2010 
4. Iba, the rural case 
4.1. Land reclamation of satellite lakes 
The process of land reclamation in rural areas was carried out particularly in the satellite lakes around Lake 
Biwa. So far, almost all the inner lakes have disappeared and about 5.7% of the lake’s surface has been 
reclaimed for agricultural purposes. Examples of that are Konakanoko (342 ha) y Dainakanoko (820 ha). In 1944 
and due to the scarce of food resources during World War II, Konakanoko was dried up to gain that area for 
agriculture, a process that finished in 1952.  From 1958 to 1967 Dainakanoko was also dried out. This land 
reclamation was carried out with an agro industrial perspective, straitening the winding canals and resizing and 
reshaping the agricultural plots. However, it is interesting that new shrines were constructed in the filled lands, 
particularly the one in the area of the dike that separates them from the lake, as a way to compensate the gods for 
removing them from their domains, while asking for protection from possible floods. 
4.2. Iba’s historical background 
4.2.1. Iba before modernisation.  
The small port village of Iba was one of the traffic hubs for ships in the Edo period. The town grew around a 
network of water canals, taking advantage of its location next to the Dainakanoko, and it used to be crisscrossed 
by a network of water canals, which were used for transportation and for everyday use (Fig. 16.a). There were 
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about 120 boats in this village around 1800. People in Iba were engaged in agriculture and fishery. In the Meiji 
Period, there were about 400 houses in the village, and 1400 people lived there in 1940. It also had a fishing port 
and goods were transported by small boats called tabune. It is noteworthy that the sewage did not discharge on 
those canals, since the population used the water for drinking. Water used to have a very important role in the 
life of its inhabitants, as a means of transportation, vital resource, recreation, etc.  
4.2.2. Iba after modernisation.  
After reclamation, a vast new land became available for agro-industry, in other words the production was 
used not for self consumption but for business. Modernisation included the reshape in the form of agricultural 
plots and the canalization of many irrigation ditches. 
The changes in Dainakanoko triggered the modernisation of Iba’s economy and subsequently, its townscape. 
In Iba, water canals were also made narrower, in order to accommodate more vehicles. These actions had big 
impact in the traditional way of living of the town, as we learnt from interviews carried out among elder locals. 
Relationship with the lake was denied, roads became more dangerous (some children fell into the canals and they 
could not go out anymore, drowning) and the old harbor became a dump side. The widening of the roads led to 
problems in traffic, safety, noise and pollution. But most of all, it took away Iba’s character. Nowadays, Iba’s 
population has decreased, and many young people has fled out of the town. 
 Fig. 15.  (a) Dainakanoko in 1890. (b) Dainakanoko in 2010
 Fig. 16.  (a) Dainakanoko in 1890. (b) Dainakanoko in 2010 
5. Conclusion 
Land reclamation, a common practice in Japan and particularly around Lake Biwa, generates not only 
physical and environmental effects, but also social and cultural consequences. 
The VGA and Integration analyses performed in Depthmap as well as the interviews carried out among 
population suggest that whenever only economic aspects were taking into account in the development of land 
reclamation projects, detaching the population of the physical and visual contact of the water body -such as the 
case of Iba and in Otsu in the Meiji Period-, collateral social and cultural effects were suffered, such as lack of 
identity, lost of traditions, abandonment and pollution of the coastal areas. 
Conversely, whenever elements that promote urbanity were included in the design on reclaimed land projects 
and a better physical and visual integration of the city and the lake is promoted, , such as in the case of Otsu in 
the 1970, this positively affected the urban life of the population and the preservation of the lakefront. 
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5.1.  Urban Structure and the change of Otsu’s role in the region. 
After its foundation, Otsu developed mainly as a merchant town, due to its strategic location on the Lake 
Biwa shoreline. During the medieval period Otsu prospered as the port of the capital Kyoto, and developed 
around the main highway, Tokaido 
The changes in the urban structure of the city were triggered by the modification of its regional role and the 
connectivity to other urban hubs and neighboring villages, both in a regional and local level. These changes are 
also the consequence of the transformation of the way that people and goods were transferred from place to 
place. While prior to the 19th century transportation was mainly ambulatory and ship-borne, in the 20th century 
the automobile and rail-borne were preferred. As a result, the importance of canals, ports and waterways 
diminished in favor of railways, stations, roads and parking lots as well as the expansion of the city in suburbs. 
Remarkably, most of land reclamation projects were not related to the harbor but to add more residential and 
commercial areas, moving the city center towards the lake. 
5.2. City Planning, the realization of a vision of the city  
During the Edo period, only the Tokugawa Shogunate and renowned people in its circle were able to make 
decisions related to the expansion of the city. From the Meiji Restauration onwards, administrative agencies such 
as the Ministry of Interior and the Prefectural Office in Shiga have taking the lead of Otsu city’s urban planning 
under the City Planning Act in 1927. City mayors, council members and technocrats envisioned the “Great Otsu, 
Sightseeing city Plan”, considering the urban expansion beyond the traditional port town to a integrated city, 
with efficient roads and lakefront parks. Remarkably, this plan was carried out even in times of international 
crisis. Also, historical places or sites of natural beauty were taken into account as important part of the 
“Sightseeing City” vision, designated cultural properties and declared protected areas by the City Planning Act.  
5.3.  Changes of the perception of the landscape 
During Edo period the Lake Biwa was perceived not only as a mayor water body (used for fishing and 
transportation of goods and people) but also worshipped as a sacred entity, particularly under the principles of 
Neoconfucionism. People enjoyed a strong spiritual relationship with the lake and it was very much present in 
the collective memory of the population, as it can be inferred from the numerous paintings, graphs and poems 
that depict Otsu and the lake, particularly the lakefront. In contrast, Modernisation brought new concepts and 
commodities, and people became less dependent of the lake for their daily lives. The construction of the railroad 
in the lakefront on the one hand approached the railroad to the lake but on the other hand physically detached the 
city from it, becoming a visual and sometimes physical barrier. This fact produced abandonment, lack of identity 
and pollution in the lakeshore. After the execution of the City Planning Act and the development of parks and 
green areas in the waterfront, environmental awareness and urbanity were improved, reintroducing the lake in 
Otsu’s mental landscape of the population, as it can be inferred from the visibility analysis. 
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